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In Pisum sativum, two independently inherited single recessive genes were found
to confer resistance to the same pathotype of pea seed-borne mosaic virus from
lentil (PSbMV-L1). The gene sbm-2, present in the domestic cuttivar Bonneville, was
determined to be closely linked to mo, which conditions resistance to bean yellow
mosaic virus and watermelon mosaic virus 2 and is known to be located In Pisum
linkage group 2. The second gene, sbm-3, was found in PI 347492, a bean yellow
mosaic virus-susceptible line from India, and apparently is located in a different
linkage group. Both genes, independently of each other, confer resistance to PSbMV-
L1, but whether they are repetitive entities remains to be determined.
Pea seed-borne mosaic virus (PSbMV) was
characterized by Musil in Czechoslovakia
and by Inouye in Japan.1518 In 1968, this
virus was found in the United States,917-22
and since then, its presence has been as-
certained in several other countries.13
In searching for sources of resistance to
PSbMV, Stevenson and Hagedorn, Baggett
and Hampton, and Hampton and Braver-
man screened hundreds of accessions of
Pisum sativum L. with the standard strain
(PSbMV-ST) and found resistant germ
plasm among foreign introductions.312-23
Hagedorn and Gritton determined that, in
PI 193586 and PI 193835 accessions from
Ethiopia, resistance was conferred by a
single recessive gene (sftm).8
Recently, Goodell and Hampton and
Ashby et al reported that PSbMV isolates
from lentils (PSbMV-L) and from New Zea-
land peas (PSbMV-NZ) were unable to in-
fect pea cultivars possessing mo, the gene
for resistance to bean yellow mosaic virus
(BYMV).26-24 Alconero et al demonstrated
that resistance to PSbMV-Pl and PSbMV-
P4 (from pea), and to PSbMV-Ll (from len-
til), was pathotype specific.1 Consequent-
ly, it appears that in P. sativum, there are
distinct genetic entities for resistance to
PSbMV, with each factor capable of con-
trolling only a specific pathotype of the
virus. Alone or in combination, these re-
sistance factors were found in a number
of plant introductions (Pis), mostly from.
India and Ethiopia.1'"
With some exceptions, resistance to
PSbMV-Ll in domestic cultivars, and in a
number of Pis, was found associated with
that to BYMV.119 The purpose of this study
was to determine the inheritance of resis-
tance to this pathotype of PSbMV in two
accessions of P. sativum. the cultivar
Bonneville, which is resistant to BYMV,
and PI 347492, which is susceptible.1
Materials and Methods
Pea accessions of foreign origin were ob-
tained from the USDA Germplasm Re-
sources, Northeast Regional Plant Intro-
duction Station, Geneva, New York.
Domestic cultivars were obtained from
commercial sources. Viral isolates of
PSbMV-Ll and BYMV were the same as
those used in recent studies.119 The
PSbMV-L was obtained from R. 0. Hamp-
ton of Oregon State University. Genetic
populations were derived by crossing the
PSbMV-Ll-resistant Bonneville and PI
347492 with each other and with Ranger,
which is susceptible to the aforemen-
tioned viruses.1 Bonneville is known to be
resistant to BYMV, but susceptible to the
PSbMV-ST; whereas PI 347492 is suscep-
tible to BYMV, but resistant to three patho-
types of PSbMV.1 •19 Populations of F3
(Bonneville x Ranger) were used for link-
age determination between mo and one of
the genes for resistance to PSbMV-Ll.
Test plants were mechanically inoculat-
ed when they had reached the two-leaf
stage. Inoculum was prepared by macer-
ating leaves of virus-infected Ranger plants
with 0.05 M phosphate buffer (K+) at pH
8.5. To avoid escapes, all plants received
a second inoculation on the third leaf.
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Table 1. Segregation ratios of cross and backcross populations of Pit am tativum lines resistant and
susceptible to PSbHV-Ll, a lentil strain of pea seed-borne mosaic virus
Genotypes
Bonneville
Ranger
PI 347492
Bonneville x Ranger
F,
F2
BC (F, x Ranger)
BC (F, x Bonneville)
Ranger x PI 347492
F,
F,
BC (F, x Ranger)
BC (F, x PI 347492)
No. of plants
Resistant
50
0
38
0
24
0
41
0
20
0
44
Susceptible
0
50
0
15
84
78
48
16
68
71
52
Exp. ratio
1:3
1:1
1:3
1:1
Goodness-
of-fit
(probability)
0.50
0.47
0.64
0.43
Plants that remained symptomless were
considered resistant only if found free of
systemic infection by enzyme-linked im-
munosorbent assay (ELISA) or virus re-
covery tests, using Ranger as the indicator
host. An antiserum to PSbMV had been
prepared for a previous study.1 In screen-
ing for resistance, 16 to 20 plants of each
line were inoculated with each virus. All
plants were maintained in an insect-free
greenhouse at 25-30°C.
Results
Inheritance Studies for PSbMV-Ll
Resistance
Plants of Bonneville and PI 347492 re-
mained free of local and systemic infection
following inoculations with PSbMV-Ll.
Conversely, those of Ranger developed
systemic green mottle, upward leaf cup-
ping, and very short internodes. These se-
verely stunted plants failed to set pods and
eventually wilted and died prematurely. A
similar reaction was noted in F, plants of
(Ranger x Bonneville) and (Ranger x PI
347492), demonstrating that resistance was
inherited recessively. Recessive inheri-
tance was confirmed in F2 populations of
(Ranger x Bonneville) and (Ranger x PI
347492), which segregated in the ratio of
three susceptible to one resistant The data
presented in Table 1 also show that plants
of the backcross to the resistant parent
segregated in a ratio of one resistant to
one susceptible, whereas those of the
backcross to the susceptible parent were
all susceptible. Hence, it is evident that
resistance to PSbMV-Ll in Bonneville and
PI 347492 is monogenically recessive, but
not necessarily conditioned by identical
factors.
Evidence of a Second Locus for
Resistance to PSbMV-Ll
The F, plants from crosses between
PSbMV-Ll-resistant Bonneville with
PSbMV-Ll-resistant lines PI 193586, PI
193835, PI 347464, PI 347465, PI 347466, PI
347467, and PI 347492 were all found to be
susceptible to the virus. This clearly in-
dicated that the resistance factors present
in Bonneville and in the aforementioned
Pis were not allelic. Confirmation of two
distinct and independently inherited genes
for resistance to the same viral pathotype
Table 2. Reaction of F,, F,, and reciprocal backcross populations of crosses between Bonneville
resistant to PSbMV-Ll and plant introdnctions (PI) also resistant to this virus
Genotypes
(Bonneville x PI 193586) F,
(Bonneville x PI 193835) F,
(Bonneville x PI 347464) F,
(Bonneville x PI 347465) F,
(Bonneville x PI 347467) F,
(Bonneville x PI 347492) F,
(Bonneville x PI 347492) F,
(Bonneville x PI 347492) F,
x Bonneville
(Bonneville x PI 347492) F,
x PI 347492
No. of plants
Resistant
0
0
0
0
0
0
62
28
24
Susceptible
6
6
6
6
5
10
85
34
33
Exp. ratio
7:9
1:1
1:1
Goodness-
of-fit
(probability)
0.70
0.46
0.24
was obtained from the segregation of F2
(Bonneville x PI 347492) and reciprocal
backcross populations. As shown in Table
2, F2 plants segregated in the ratio of seven
resistant to nine susceptible, whereas a
segregation of one resistant to one sus-
ceptible was obtained from populations of
both backcrosses. Thus, it can be con-
cluded that the single recessive genes for
resistance to PSbMV-Ll in Bonneville and
PI 347492 are independently inherited, but
have the identical function of controlling
the same pathotype of the virus.
Linkage Studies
A close linkage was found in Bonneville
between mo and sbm-2. The data pre-
sented in Table 3 show that F3 families of
Bonneville x Ranger that were resistant
or susceptible to PSbMV-Ll were also re-
sistant or susceptible to BYMV. Families
that segregated for PSbMV-Ll also segre-
gated for BYMV.
Comparative Studies with PSbMV-L
and PSbMV-Ll
These two isolates derived from infected
seeds of lentil (Lens culinaris), but PSbMV-
-L caused milder symptoms in susceptible
peacultivars than PSbMV-Ll. However, pea
and lentil lines resistant to one of these
isolates were determined to also be resis-
tant to the other.1 In comparative tests, the
cultivars Ranger and Alaska, previously
reported to be resistant to PSbMV-L,10 were
found to be susceptible to both isolates.
Discussion
Hagedorn and Gritton assigned the sym-
bol sbm to the single recessive gene con-
ferring resistance to PSbMV-ST, the first
categorized pathotype of PSbMV.8 Our
study has demonstrated that the resis-
tance to a second pathotype PSbMV-Ll is
also monogenically recessive, but condi-
tioned by two distinct and independently
inherited genetic factors. Hence, we pro-
pose the following symbols: (1) sbm-1 for
sbm, which was reported by Gritton and
Hagedorn to be situated in Pisum linkage
group 6; (2) sbm-2 for the gene found in
Bonneville and conferring resistance to
PSbMV-Ll.7 This gene was demonstrated
(Table 3) to be closely linked to ma, thus,
it is located in Pisum linkage group 2;16 and
(3) sbm-3 for the gene found in PI 347492,
also conferring resistance to PSbMV-Ll,
but inherited independently from sbm-2
(Table 2). Thus, sbm-1, sbm-2, and sbm-3
are not allelic because they belong to
different linkage groups. The two factors,
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Table 3. Reaction to PSbMV-Ll and BYMV In 45 F, famllle* of the cross BonneviUe x Ranger
No. of families' Goodness-
of-fit
Viruses
BYMV
PSbMV-Ll
Resistant
z—= 10
1 (R):3 (S)
22
Susceptible
13
Exp. ratio
1:2:1
(probability)
0.81
• For each family, 16 plants were tested with BYMV and 16 with PSbMV.
sbm-2 and sbm-3, appear to have the same
function of conferring resistance to the
same pathotype of PSbMV, but whether
they are duplicate or repetitive genes re-
mains to be determined. An analysis of the
sequence homologies of these two genes
eventually will clarify this point
A very recent study has demonstrated
that the gene cyv for resistance to clover
yellow vein virus (CYW) is also closely
linked to mo.13 Thus, it is evident that on
the second chromosome of Bonneville, and
possibly in many other domestic BYMV-
resistant cultivars, there are three very
closely linked genes: mo, for BYMV and
WMV-2,21 cyv for CYW,19 and sbm-2 for
PSbMV-Ll. Additional evidence has sug-
gested that factors for resistance to pea
mosaic virus (PMV)/ and the NL-8 strain
of bean common mosaic virus (BCMV-
NL8),20 may be closely linked to mo. Hence,
it appears that at the mo locus there is a
cluster of genes that, during breeding for
resistance, are transferred as a single unit.
From a breeding point of view, this rep-
resents an ideal situation, because viral
testing could be limited to one of these six
viruses. However, adequate testing for
multiresistance is necessary and strongly
recommended. Although most of the do-
mestic cultivars resistant to BYMV are re-
sistant to BCMV-NL8, CYW, PMV, PSbMV-
Ll, and WMV-2, there are lines that differ
in the number of resistance factors present
in them. For example, PI 391630 from China
is resistant only to BYMV; PI 269818 from
the USSR is resistant to BYMV and PSbMV-
Ll, but susceptible to CYW; and a number
of lines from India and Ethiopia are sus-
ceptible to BYMV, but resistant to CYW
and PSbMV-Ll.19 Even when two pea lines
are resistant to the same isolate of a given
virus, testing is advisable because the
progenies of their cross may segregate for
resistance. In this study, we have estab-
lished that both Bonneville and PI 347492
are equally highly resistant to PSbMV-Ll,
but they possess two distinct genes situ-
ated in different linkage groups. In the soy-
bean, Buss et al reported that resistance
to an isolate of peanut mottle virus in the
cultivars Arksoy, Dorman, York, and Shore
is conditioned by a single dominant gene,
which is inherited independently of a sec-
ond dominant gene present in the cultivar
CNS.5 In the pea, Prowidenti found that
there are two single recessive genes (cyv
and cyv-2), which, independently of each
other, are able to confer resistance to the
same isolate of CYW.19 Thus, without ad-
equate testing, susceptible lines can easily
derive from resistant parents.
A number of isolates or strains of PSbMV
have been characterized using differential
pea lines with a major emphasis on symp-
tomatology.14 For pea breeding purposes,
isolates of PSbMV should, instead, be clas-
sified on the basis of genes able to control
them (pathotype groups). A pathotype is
denned as an entity of a given virus that
is controlled by a specific genetic factor
in a given plant species or family. How-
ever, a pathotype may include a range of
variants differing in virulence. For exam-
ple, PSbMV-L and PSbMV-Ll can be easily
differentiated by the intensity of symp-
toms that they incite in susceptible pea
genotypes, but because both isolates are
controlled by sbm-2 or sbm-3, they belong
to the same pathotype group.
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